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The goal of the PEREGRINE Monte Carlo Dose Calculation PEREGRINE needs to know the following physical characteristics
Project[1] is to provide the capability for accurate and fast Monte in the beam coordinate system for each Monte Carlo history to be
Carlo calculation of radiation therapy dose distributions for routine tracked through the modifiers and patient mesh:

clinical use and for research into théiczfcy of improved dose cal- (x,y,2 the starting coordinates;

culation. D attain these goals, an accurate afiidient method of (u,v,w) the initial direction cosines with respect 10y(2
describing and sampling radiation sources is requiredphibvide a respectively;

simple, flexible solution to that requirement. Our teletherapy source (E) the photon energy;

package for PEREGRINE—coupled with state-of-the-art Monte (W) the relative sample weight (how many photons it rep-
Carlo simulations of treatment heads—makes it possible to describe resents).

any teletherapy photon beam to the precision needed for highly accu- 14 define a source for PEREGRINE, the phase-space history files
rate Monte Carlo dose calculations in complex clinical configura- are analyzed and separated into severdérdifit components. In
tions that use standard patient modifiers such as collimator jaws, general, we define one point (unscattered) component and one or

wedges, blocks and/or multi-leaf collimators. Generic beam descrip- more scattered components. The point component represents the
tions for a class of treatment machines can readily be adjusted to

yield dose calculation to match specific clinical sites.
o <«— Target

This source package is simple and robust. It uses predefined :
descriptions of the fixed radiation field cast into the form of probabil- VlrtualFir(;u;)(zre(pl)Dlanes — <—— Primary Collimator
ity and fluence distributions. A single description paradigm charac- N
terizes direct and scattered components of the primary radiation
field. The efects of all patient specific beam modifiers on the inci-
dent radiation are incorporated during the Monte Carlo dose calcula-
tion. All that is necessary to correctly calculate thefea$ is an
accurate description of their geometry and composition. Output fac-
tors, wedge factors andfaixis ratios are all obtained without need
for empirical corrections.

The distributions needed for dose calculations are derived from
Monte Carlo simulations of bremsstrahlung generation of the radia-
tion in the linac head using BEAM96 [2] and MCNP4b [3]. A
related presentation [4] at this conference presents the details of the
simulations and the dérent codes used. The results of those simula-
tions are a set of individual histories—a history file—that represent a
random sampling of the phase space of radiation generated in the| Wedge
linac head. To date, we have performed detailed simulations of clini-
cal photon sources from the following linacsardn 600C (MV
and 6 MV); Varian 2100C (6 MV, 15 MV and 18 MV); Siemens MD Block
(6 MV and 15MV); Siemens KD (8MV and 18MV). We are gath-
ering information to include sources from other manufacturers. Our
intent is expand our library of sources to include all relevant telether-

—— 4—— Flattening Filter

Lower Jaws

. A . ; o
apy photon sources. The source library will be available for use with N
PEREGRINE in research and clinical activities. As researchers and \§’
clinics begin to use PEREGRINE, we will add customized versions : )
of the generic entries for each configuration. é? o & §
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Defining a Clinical Beam to PEREGRINE f} S a(? -
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. L ) X~ <
Figure 1 shows a schematic diagram of the various components of a § \é’ at? £
generic photon source descriptioro perform a dose calculation, Q Q = o

This work was performed under the auspices of the U.S. Department— —
of Enegy by the Lawence Liverma National Laboratory under Figure 1 Schematic diagram of the PEREGRINE photon so
contract number W-7405-ENG-48 representation.
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Figure 2 Radial distribution at gantry axis plane for direct, flai
ing filter and primary collimator subsources. Also shown is the
fluence.

radiation coming from a small area within the bremsstrahluggtar
and backing that reaches the linac axis plane without further interac-
tions in the linac head. The scattered components describdettis ef

of the primary (fixed) collimation, flattening filtenonitor chamber,

etc. Figure 2 shows the radial distributions on the beam-definition
plane of a three-component description of a generic 6-Nxaw
2100C derived from a BEAM96 simulation.

The Beam Definition Plane

Each defined component hav@am definition planéBDP) on
which the relative energy fluena®(r), and differential energy spec-
trum, E(r), are specified. ThBDP is a plane perpendicular to the

beam axis and is defined in the beam coordinate system. For clinical

sources, we place thBDP at the isocenter of gantry rotation to

ensure the best reproduction of the fluence and spectrum in the dose

calculation volume. The distributions on tBBP are used to select
the initial location X,y,2, energy E), and sample weight\().
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Figure 3: Beam definition plane and virtual source plane (r

scaled by 108) spatial distributions for the point source compo

from a simulation of a 6-MV Varian Clinac 600C.

direction (1,v,w) of histories remains to be specified. For each com-
ponent, we definedrtual source plang€VSPB on which histories are
taken to originate. Direction cosines are defined by the vector
between the locations on tB®OP and theVSP

A point-sourceVSPis essentially a reproduction of the profile of
the incident electron beam on thegetrwith small tails due to scatter
in the target and backing. The por®Pspatial distribution is deter-
mined by backtracking each history eventtoz, The value for
Z,5pis chosen by finding the location that yields minimum spot size,
usually very nearbut slightly in front of the bremsstrahlunggat.
The backtracked events are used to generate a radial probability dis-
tribution (MeV/cm) using the generic form in Equation 2.

_ 1
ID(Xj+1/2) T E (X, =X )inWi
J -1

total

(Ea. 2)

This is in contrast to the photon fluence (Me\/%miistribution
on theBDP defined aboverigure 3 shows the/SPradial distribu-

Accelerator-based photon sources are tuned by the manufacturers;jon and theBDP fluence function for a 600C 6-MV source modeled

using filters to generate a nearly flat gyefluence transverse to the

with a 2-mm diameter electron beam spot size. For point compo-

beam at the nominal isocenter. This suggests that the quantity to Prements, correlation between location on B2P and location on the

serve in defining the spatial distribution of histories is the simulated
or measured energy fluence (Mevf()rprofile. Equation 1 is the for-

mula used to generate a relative fluence function with an average

value of 1 on the set of annuli defined by the pdiR$ with areas
{A}. Typically, we use 50 radial points to define the fluence function.

P(R,q,0) = AE ZEiWi'

] “total 1

Atotal

summed over the sef i|Rj <1< Rj} (Eqg. 1)
The energy spectrunk(r), is specified on thBDP as a series of
annular radial tiles. A diérent probability distribution in engy is
created for eacBDP tile boundary. The radial span of tB®P tiles
matches the span of tBOP fluence function. A continuous eggr
spectrum inr is determined during the dose calculation by linear
interpolation in area between the tile boundaries. This is accom-
plished by weighted selection from the boundary distributions with
the weights determined by the current radius and the boundary radii.
The enegy spectrum varies smoothly over the radius of the linac
spot size, so 8-10 tiles is usuallyfmiént for accurate reproduction
of the spectrum.

The Virtual Source Plane
With the definition of a BDPthe method for defining the initial

VSPis ignored in defining the distributions and selecting the two
points.

The scattered components have more angular structure and a
higher degree of correlation between gyeand direction. To handle
this additional correlation, the definition of th&SPis extended to
allow the use of an azimuthal distribution as well as a radial distribu-
tion. The scattered components—from the flattening fiigmary
collimator, etc.—are reproduced to within a few percent of their con-
tribution at axis by a separable functior(ijp).

Source Sampling

Besides accuracy in the description of the radiation fiefitjiefcy
(speed) is a critically important issue in delivering a practical Monte
Carlo dose calculation. This component model is designed ffer ef
cient sampling. By defining the radiation fluence at the isocenter, the
cropping efects of collimator jaws can be precalculated beam by
beam at generation, eliminating the need to sample fraye |aor-
tions of theBDP. For example, on a 2010 field, confining the sam-
pling area for the point component to that area—plus a@imao
account for the/SP spot size—eliminates ~92% of tBDP from
consideration. The transmission through the body of the jaw is
ignored (see belayv For scattered components, agkar magin is
used, but a significant portion of tB®P can still be ignored.



To preserve engy balance between the components and weight
balance between the individual histories, component selection is
based on a probability distribution that includes the beam weights,
component engy fractions, and thBDP sample fractions. The ini-
tial values forx andy are chosen uniformly in the remaining rectan-
gle on theBDP.

Internal to PEREGRINE, the weight of a selected history is con-
sidered to be a molar weight, not a measure of the total energy of the
history. With this definition of theBDP and the selection process for
x andy, the molar weight of a history is given by

@ (r)
(E(r)O
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where [E (r) C is the average photon eggratr(x,y). [(E (r)C and

@ (r) are obtained by linear interpolation from tabulated values. The
selection of energy andiSPlocation are done directly from the asso-
ciated probability distributions.
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Absolute dose is determined clinically by the conversion from moni-
tor units (MU) to measured dose per MU. One prevalent standard is
to calibrate the monitor chamber to deliver d@y/MU atd,,5 ON

the central axis for a 189 10 open field. The beam normalization in
PEREGRINE is based on total egermproduced in the beam head
before modifiers. PEREGRINE determines relative dose in the
patient mesh by tracking individual photon histories. Photons are not
explicitly tracked through the monitdout instead are tallied to get
the total sampled beam energy from all components. To obtain abso-
lute dose for comparison to clinical measurements, a conversion
between total beam emgrand MU is required. This is done by cal-
culating the dose in the calibration configuration and recording the
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Figure 4: PEREGRINE vs. Measurement: Depth dose and pr
for a 10x 10 open field for a 6-MV Varian 600C [6].

to be used In PEREGRINE calculations.
Given access to this data, a simple, few-parameter fit allows the

necessary conversion factor between total beanggrsrd MU in
the source description file.

Multiple Beam Normalization

PEREGRINE can calculate dose from multiple beam plans in a sin-
gle calculation, if the weight (in MU) of each beam is specified in the
plan. PEREGRINE maintains eggrbalance between the beams and

adjustment of the generic machine description. Three typically used

parameters are the maximum photon energy, the radial fluence of the
point component, and the shape of the point-component virtual

source.

Comparison to Measurements

The real measure of success of PEREGR$NIBurce model lies in

components in the ratios given in the plan and source description by comparison of dose calculations to clinical measurements. The PER-
selecting histories from the beams at random, based on the partitionEGRINE calculations shown here were run until the standard devia-

of the total produced ergyr The partitioning includes the MU for

tion of the mean dose at each point was less than 0.5% of the

each beam, the MU factors in the source descriptions, and the Com-maximum dose in the mesh. The measured data are from the Univer-

ponent energy fractions in each source.

Clinical Site Adjustment

The most important aspect of source description is the ability to

sity of California, San Francisco [6] and the Medical Collegeinf V
ginia [7].

Open Field Depth Dose and Profiles

match measurements from, and therefore accurately calculate dosé2Pen fields have only collimator jaws as modifiers. PEREGRINE

for, a given clinic. Since specific installations of similar linacs can

does not transmit through, or scatter photons from, the jaw material.

have subtle differences in head construction and electron beam charA Simple ray-tracing algorithm is used that terminates photon histo-

acteristics, as well as €#rent modifier options and site calibrations

ries that contact any portion of the jaw set. The result of this simplifi-

methods, some site adjustment of the generic source description will cation is an increase infiefency and loss of fine detail in the tails of

be necessary for each installation.

To facilitate this adjustment, certain information about the instal-
lation site is regired. Measurements of output factors, open field
depth dose, open field profiles and wedge factors are neceAsary
description of the monitor unit calibration configuration and conven-

tion is needed to determine the proper global normalization constant.

Physical descriptions of modifier options, such as wedges and
blocks, are also necessaRpr wedges, we need the physical wedge
profile, the material (alloy) and density of the wedge and tasgt

the axial location of the wedge trayor blocks, the block thickness,
material and densifyand the location of the block tray must be pro-
vided. Any other special modifiers must also be described if they are

the penumbraFigure 4 shows the calculated and measured depth
dose and profiles for a 2010 open field for a 6-MV bearfigure 5

shows profiles at three depths calculated from the same beam phase
space description for22 and 30« 30 fields.

Open-Field Output Factors

An essential factor in absolute dose calibration is field-size depen-
dent output factordzigure 6 shows the level of agreement between
measured output factors and calculated values. Thetefof head
scatter and lateral transport are handled in the dose calculation.
These dkcts are the dominant cause the dose/MU to vary with field
size. The neglect of jaw scatter does not significanfgcathe cen-

tral axis dose or the shape of the high-dose region of the profiles.
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Figure 5: PEREGRINE vs. Measurementx2 and 30x 30 profile: Figure 7: PEREGRINE vs. Measurement : Absolute dose con
at 1.5, 8.7 and 15.9-cm depths for 6-MV Varian 600C [6]. son for 60 lead wedge profiles (6MV) [7].
PEREGRINE makes no correction for backscatter into the monitor
chamber. Summary
Wedge Factors and Profiles Using the techniques briefly described in this report, we are able to

accurately describe various photon teletherapy sources for use in

PEREGRINE for Monte Carlo dose calculationse fe actively

working to extend PEREGRINE&range of beam ergées and man-

o ufacturers. This source description technique allows PEREGRINE to
Transmission and scatter from wedges and blocks are handledperform accurate, absolute dose calculations in clinical configura-

with full photon-transport physics. Wedge factors and block attenua- tions, The source descriptions can be adjusted to meet the configura-

tion are accurately reproduced, knowing only the geometry and com- ions at individual clinics.

position of each modifieThe methods, accuracy and limitations of

the techniques used for each modifier type are described in a relateqqeferences

presentation at this conference [5]. The accuracy of the wedge trans-

port algorithm is shown in the comparison of profile measurements 1. C. L. Hartmann Siantar, et al., 1997. This volume.

to PERGRINE calculations iRigure 7.

Most curative-intent treatment involves blocks, wedges or other
modifiers, singly and in combination. Therefore, tHea$ of trans-
mission and scatter off of these modifiers is much more important.

2. D.W. O. Roger, et al., Med. PhyZ2(5) 503-523 (1995).

3. J. F. Briesmeister, EQWCNP™ - A Monte Carlo N-Particle
110 . . . Transport Code, Version 4ALA-12625, (Los Alamos National
Laboratory, Los Alamos, Nm, 1988).
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4. B. Libby, et al, 1997. This volume.
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6. K. A.Weaver, N. Albright, (private communication, 11/15/95).

7. P.J. White, R. D. Zwicker,(private communication, 2/19/97).
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Figure 6: Square field output factors calculated by PEREGRIN
measured values [7] for a 6-MV Varian 600C.



